Recent years have seen a huge increase in the amount of biomedical information that is available in electronic format. Consequently, for biomedical researchers wishing to relate their experimental results to relevant data lurking somewhere within this expanding universe of on-line information, the ability to access and navigate biomedical information sources in an efficient manner has become increasingly important. Natural language and text processing techniques can facilitate this task by making the information contained in textual resources such as MEDLINE more readily accessible and amenable to computational processing. Names of biological entities such as genes and proteins provide critical links between different biomedical information sources and researchers' experimental data. Therefore, automatic identification and classification of these terms in text is an essential capability of any natural language processing system aimed at managing the wealth of biomedical information that is available electronically. To support term recognition in the biomedical domain, we have developed Termino, a large-scale terminological resource for text processing applications, which has two main components: first, a database into which very large numbers of terms can be loaded from resources such as UMLS, and stored together with various kinds of relevant information; second, a finite state recognizer, for fast and efficient identification and mark-up of terms within text. Since many biomedical applications require this functionality, we have made Termino available to the community as a web service, which allows for its integration into larger applications as a remotely located component, accessed through a standardized interface over the web.
Introduction
Recent years have seen a huge increase in the amount of biomedical information that is available in electronic format. Some of this information resides in structured databases and ontologies such as OMIM (Online Mendelian Inheritance in Man [20] ) and the Gene Ontology [26] . On-line biomedical literature collections, e.g. MEDLINE [22] , form another important source of biomedical information. These latter collections provide information in an unstructured, textual format.
Consequently, for any biomedical researcher wishing to relate their experimental results to relevant data lurking somewhere within this expanding universe of on-line information, the ability to access and navigate biomedical information sources in an efficient manner is increasingly important. Natural language and text processing techniques can facilitate this task by making the information contained in textual resources more readily accessible and amenable to computational processing. These techniques can be applied to automatically capture, structure and further process the semantic content of journal abstracts and papers, where 'semantic content' can be understood at various levels of abstraction, ranging from the set of domain-specific terms that occur in a document to structured descriptions of the biomedical entities and the relationships between them that are A web service for biomedical term look-up 87 expressed in a document (e.g. [4, 15, 25] ). Because of their automatic nature and the structured format of the results, these techniques provide rapid and efficient computational access to the contents of very large numbers of documents.
With regard to biomedical text processing, Hirschman et al. [18] explicitly note that the names of biological entities such as genes and proteins provide the critical links across the different biomedical information sources and researchers' experimental data. Therefore, automatic identification and classification of these terms in text is an essential capability of any natural language processing system aimed at managing the wealth of biomedical information that is available electronically. To support term recognition in the biomedical domain, we have developed Termino, a large-scale terminological resource for text processing applications [16, 17] . It includes a flexible, extensible relational database which stores large numbers of terms together with complex, heterogeneous information about these terms. The system comes equipped with a compiler for generating finite state term recognizers from the contents of the database.
Since term recognition is of paramount importance to biomedical information processing, most, if not all, applications in this domain require access to terminological knowledge. For this reason we are making Termino available to the biomedical text mining community as a web service. This service provides public, standardized access to Termino over the web, allowing integration of this resource into applications developed by other research groups as a remotely located component. The web service delivers lexical look-up functionality: given a text, the service will return a version of the text in which occurrences of terms are identified and marked up with information from Termino. We have also implemented a web browser-based interface to the web service, which provides potential users with a simple way of exploring the utility of the web service.
In the remainder of this paper we give a brief description of Termino and outline how we have implemented web service access to this resource.
Architecture and functionality of Termino
Termino is a large-scale terminological resource for text processing applications. It includes a flexible, extensible relational database, which stores large numbers of terms together with complex, heterogeneous information about these terms, including information of a morphosyntactic nature, such as part of speech and morphological class; information of a semantic nature, such as quasi-logical form and links to concepts in ontologies; and provenance information, such as the sources of the information in the database. The design of the database also allows for links to connect synonyms and morphological and orthographic variants to one another, and links to connect abbreviations and acronyms to their full forms.
To ensure fast term look-up with Termino's potentially vast terminological database, the system comes equipped with a compiler for generating finite state machines from the strings in the terminological database. To recognize terms in text, the recognizer is run starting at each position, i.e. token, in the text. It will determine very quickly whether there are any strings in the database beginning at this point and, if so, with what information in the database these strings are associated. This set-up, in which term recognizers are compiled from the contents of the terminological database, turns Termino into a general terminological resource that is not restricted to any single domain or application. The database can be loaded with terms from multiple domains and compilation can be restricted to particular subsets of strings in the database by selection, e.g. based on their source or other characteristics. In this way one can produce term recognizers that are tailored towards specific domains or specific applications within domains.
The contents of Termino's database are imported from existing, outside knowledge sources, such as the HUGO Gene Nomenclature database [28] and the Metathesaurus of the Unified Medical Language System (UMLS [19, 23] ). Contents can also be obtained through automatic term induction from on-line text corpora, e.g. MEDLINE citations. Termino thus enables uniform access to terminological information aggregated across many sources, without the need for multiple, source-specific terminological components within a text processing system. Term look-up in Termino provides immediate entry points into a variety of outside ontologies and other knowledge sources, making the information in these sources available to processing steps subsequent to term recognition. (This advantage does not extend to terms that are added to Termino through term induction). For example, using a recognizer compiled to include terms from the HUGO and OMIM databases, Termino will return the HUGO and OMIM identifiers for the gene names it recognizes in a text. These identifiers give access to the information stored in these databases about the gene, including alternative names, gene map locus, related disorders and references to relevant papers.
Termino is designed to be the first component in a multi-component term processing system. Thus, term look-up as performed by Termino is not the end point of term processing. Look-up might return multiple matching terms for a given string, or for overlapping strings, and subsequent processes may apply to filter these alternatives down to the single option that seems most likely to be correct in the given context. Furthermore, more flexible processes of term recognition might apply over the results of look-up, e.g. a term grammar can be provided for a given domain, allowing longer terms to be built from shorter terms that have been identified by term look-up (e.g. [12] ).
Termino's database currently contains well over 400,000 terms. For further details about the design and implementation of Termino the reader is referred to [16] and [17] .
Term look-up web service
Since term recognition is an important aspect of biomedical text processing, we think it would be useful to share Termino with the wider biomedical text mining research community. We have decided to do so by making Termino available in the form of a web service.
In the following sections we will give a brief overview of web services in general and point to a few bioinformatics and natural languageprocessing web service applications, describe the functionality of Termino as a web service, and discuss some issues concerning the implementation of this particular web service.
Web services
A web service (e.g. [10, 27] ) provides access to data or processing resources on the web through standard internet protocols. Typically, using a web service proceeds according to the following scenario. First, a client looking for a particular service will consult a global registry of web services to find a host providing the desired service. The registry describes, in a standard manner, the functionality of a given web service and the way in which the web service can be accessed. Next, based on the information found in the registry, the client will select a particular web service and use it. Using a web service involves the transmission of standardized messages for invoking the service and receiving back the results of the invocation. The high degree of standardization of all aspects of the web service paradigm -discovery, description and usage -facilitates simple access across different software platforms to any resource packaged as a web service and enables easy integration of such a resource into distributed applications. Web services are thus an effective means for sharing resources between research groups. Their use promotes collaboration and prevents duplication of efforts spent on developing resources [7] .
Further advantages of publishing Termino as a web service rather than releasing the resource as a downloadable software package include:
• Users can access and integrate Termino into their applications without having to download and install the heterogeneous set of software components comprised in Termino.
• Since the code and the data are located at our site, users do not have to download and install a new version of Termino each time the code is updated or the terminological database is expanded.
• Web service access to Termino allows us to monitor its usage, providing us with a measure of its actual utility.
Bioinformatics experiments produce large amounts of data which are of value not only to the researchers conducting the experiment but to others in the field as well. In order to share the data within the research community, it is deposited in public repositories, many of which are now programmatically accessible via web services (e.g. [9] ). Similarly, many biomedical processing resources are also available through a web service interface (e.g.
[21]).
There is also growing interest in the use of web services for natural language processing applications. For example, Biemann et al. [3] discuss the deployment of web service technology in the domain of corpus processing. Dalli et al. [7] describe a general web service-based architecture for language resources and present details about the implementation of two web service applications built according to this architecture. Curran [6] shows how web services can be used to provide interfaces to a high-performance infrastructure for natural language processing. Quasthoff and Wolff [24] give an example of a web service for dictionary look-up and terminology extraction. Gaizauskas et al. [11] describe an application in which web services are used to incorporate text mining capabilities into a workflow environment for supporting scientific discovery in bioinformatics. If, as expected, web services become the dominant paradigm for communication within distributed systems, more and more natural language processing resources will be made available as web services.
Functionality
The web service built on top of Termino has been designed to implement a lexical look-up service: given a text, the service returns a version of the text in which term occurrences are identified and marked up with information from the Termino database. A request to the web service includes the text to be processed or its URL, so that the web service can download the text. Furthermore, in the service request the user can indicate the classes of terms that are to be tagged in the text, e.g. 'gene', 'protein', 'body part', etc. These classes are organized into a simple ontology, enabling the user to choose a set of classes matching the semantic granularity of the intended application. The selection of term classes determines the set of recognizers compiled from Termino's database that will be run over the input text. In the current prototype, we offer a set of pre-compiled recognizers from which the user can make a choice, covering the term classes 'gene', 'disease or syndrome', and 'human protein'. The terms in the first class are imported from the HUGO and OMIM databases, the terms in the second class come from UMLS, and the terms in the third class originate from the European Bioinformatics Institute's Gene Ontology Annotation project [8] . At a later stage, we may consider a scenario in which recognizers will be compiled at request time so that users can dynamically ask for mark-up of arbitrary term classes.
The response to a request to the web service is a text in XML format in which occurrences of terms are labelled with the term classes they belong to and are annotated with additional information from Termino's database. As Termino provides a lexical look-up service rather than full term identification and classification, terms that are assigned multiple classes are not disambiguated. Additional information for a term may include, for example, a UMLS unique concept identifier, HUGO and OMIM database identifiers and assignments to nodes in the Gene Ontology. In the current implementation of the web service, all information in the Termino database found for a term is returned; in the next version the user will be able to ask for only specific kinds of information from the database. The next version of the web service will also draw on the synonymy information stored in Termino to supply synonym class identifiers for terms. These identifiers may be used to determine which terms in a text are synonymous.
It is possible that a text will contain terms with overlapping spans, e.g. in the phrase middle ear infection, the sequence middle ear may be recognized as a 'body part, organ, or organ component' and the sequence ear infection may be marked-up as belonging to the class 'disease or syndrome'. (It is hard to find an example of overlapping terms where the terms are drawn from the classes 'gene', 'human protein' and 'disease or syndrome'. Therefore the example given involves the term classes 'body part, organ, or organ component' and 'disease or syndrome', both of which contain terms from UMLS). Such overlapping terms cannot be represented using standard in-line XML mark-up. One solution to this problem is to select only one of the overlapping terms for mark-up. However, the decision about which term to keep and which term to discard is generally application-dependent and should therefore not be made by the term lookup service. We address this problem by adopting a slightly more complex XML encoding, which combines characteristics of in-line and stand-off markup, and which can represent overlapping terms. This approach allows users to choose for themselves amongst overlapping term possibilities.
The XML encoding of terms involves inserting empty Node elements into the input text, embracing portions of the text that are terms. Thus, the phrase middle ear infection will have nodes The terms in this phrase can now be annotated as follows:
<Body part startNode='0' endNode='2'> <cui>C0013455</cui> </Body part> <Disease startNode='0' endNode='4'> <cui>C0029882</cui> </Disease> <Body part startNode='1' endNode='2'> <cui>C0013443</cui> </Body part> <Disease startNode='1' endNode='4'> <cui>C0699744</cui> </Disease> <Disease startNode='3' endNode='4'> <cui>C0021311</cui> </Disease> These annotations state, among other things, that the text between nodes 1 and 4, i.e. ear infection, is a term belonging to the class 'disease or syndrome' and that in UMLS this term is associated with the unique concept identifier (CUI) C0699744. Figure 1 shows the complete XML document returned by the Termino web service when the recognizers for the term classes 'gene' and 'disease or syndrome' are turned on and the input is a document containing the single sentence The web service described above is complemented with a web-based GUI. The purpose of the GUI is to give the user an opportunity to assess the functionality of the web service without having to set up a web service client and engage in a full web service interaction. Through the GUI the user can submit a short text fragment for term look-up and inspect the results. As in the full web service, the user can select the classes of the terms that are to be looked up. The results of term look-up are presented in the format shown in Figure 2 . In the tables appearing above the document text, each term class is assigned a colour. The terms occurring in the text are marked-up in the colours of the term classes to which they belong. The annotation viewer also displays any additional information that is associated with a term. Clicking on a line in the table of a particular term class will highlight the term occurrence in the text to which the information given in that line applies. Conversely, clicking on a term occurrence in the text will highlight the lines in the term class tables containing the information associated with this term.
Implementation
Termino is implemented as a collection of processing modules which run within the GATE architecture [5, 14] ). The web service interface is implemented in Java, using the Apache Axis web services toolkit [1] running in the Apache Tomcat web server [2] . In order to get a first impression of the performance of the web service, we submitted 100 MEDLINE abstracts to the web service for processing. The average size of these abstracts was 1.1 kB. Processing the abstracts took 1 min 52 s, i.e. approximately 1.1 s/abstract. On average, 11.7 terms were marked-up in each abstract. The finite state recognizers compiled from Termino's database for use by the web service cover about 80,000 terms.
The browser-based interface is implemented as a Java servlet which makes use of the same processing modules as the web service to annotate the supplied text. The results are rendered using Java Server Pages (JSP) to generate an HTML page which uses a library of JavaScript functions to allow the user to explore the terms found by Termino. The web-based service can be found (at the time of writing) at http://don.dcs.shef.ac.uk/ <?xml version='1.0' encoding='UTF-8' ?> <TaggedDocument> <Text>Since mutations in the gamma-crystallin encoding <Node id='4'/>CRYG<Node id='5'/> genes have previously been demonstrated to be the most frequent reason for isolated congenital <Node id='0'/>cataracts<Node id='1'/>, all 4 active <Node id='2'/>CRYG<Node id='3'/> genes have been sequenced. </Text> <Annotations> <Gene startNode='2' endNode='3'> <omim_number>123730</omim_number> </Gene> <Gene startNode='4' endNode='5'> <hgnc_id>2417</hgnc_id> </Gene> <Gene startNode='4' endNode='5'> <omim_number>123730</omim_number> </Gene> <Gene startNode='2' endNode='3'> <hgnc_id>2417</hgnc_id> </Gene> <Disease startNode='0' endNode='1'> <cui>C0007388</cui> </Disease> </Annotations> </TaggedDocument> 
Conclusion
Termino is a large-scale terminological resource for biomedical text processing, developed to provide term recognition capabilities for information extraction, retrieval, and navigation. Biomedical term recognition is an essential part of the process of managing the wealth of biomedical information that is available electronically in structured databases and textual information sources.
Termino has been integrated into AMBIT, our platform for biomedical language processing [13] . Since access to Termino could be helpful to other research groups wanting to integrate a terminological resource into their applications, we have made Termino available as a web service. A web service provides public, standardized access to a resource over the web. The Termino web service delivers lexical look-up functionality: given a text, the service will return a version of the text in which term occurrences are identified and marked up with information from the Termino database.
The current prototype is available at http://don. dcs.shef.ac.uk/termino/. Future work will focus on extending the set of available term classes and their contents, as well as on adding further options for configuring the functionality of the web service so that users can request types of document markup that are specifically tailored to their biomedical needs.
